METHOD FOR MONI TORI NG MONOMER CONCENTRATI ON | N | NTERFACI AL POLYCARBONATE
MANUFACTURI NG PROCESS CROSS REFERENCE STATEMENT Thi s application clains the
benefit oVOWN®/11P8avi si onal Application No. 61/162, 701, PCirlusdoivaesib7 24,
2009, the entire content of which is incorporated herein by reference.
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chain growing reaction is strongly accelerated by a coupling catalyst, such as a tertiary
amine. Molecular weight of the polycarbonate polymer is typically controlled by the
amount of chain terminator, such as a monophenol, present in the reaction mixture. The
20  chain growing reaction is finished after all of the reactive end-groups, e.g., chloroformate
end-groups, have reacted. After the polymerization step is completed, the organic phase
comprising the polycarbonate polymer is separated from the aqueous phase and the
polycarbonate polymer isolated.
Polymer molecular weight is one of the most important factors that affect
25  polycarbonate polymer properties. As the polymer molecular weight increases, the
mechanical properties of the polycarbonate polymer improve. For example, tensile strength,
impact resistance, ductility, and other physical properties of the polymer are all improved
with increasing polymer molecular weight. However, as the polymer molecular weight
increases, the melt viscosity also significantly increases. When the melt viscosity becomes
30  too high, melt processing the polymer becomes difficult or nearly impossible.
Ensuring consistent polycarbonate polymer quality in its manufacturing process is

highly desirable. For example, if the polycarbonate polymer molecular weight and/or its
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Ensuring consi stent pol ycarbonate polynmer quality in its manufacturing
process is highly desirable. For exanple, if the polycarbonate pol yner
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20  molecular weight of the polycarbonate) into the polymerization reactor. The fluctuation in
the ratio causes undesirable variations in the polycarbonate polymer molecular weight
creating off-grade material with unacceptable properties and negative manufacturing cost
ramifications.
Therefore, a method of reliably and quickly monitoring and controlling selected
25  parameters which affect polycarbonate molecular weight in the interfacial process so as to
ensure consistent product quality and high productivity would be very desirable.
SUMMARY OF THE INVENTION
The present invention provides such a method for online monitoring by using
vibrational spectroscopy, preferably near infrared (NIR) spectroscopy, to determine
30  concentrations of one or more reaction components, specifically dihydric phenolate and/or
hydroxide concentrations, in an interfacial process to manufacture polycarbonate polymer.

The determination of said concentrations is used to implement on-line, real time process

2-



concentrations of one or nore reaction conponents, specifically dihydric
phenol at e and/ or hydroxi de concentrations, in an interfacial process to
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phenol to chain termnator ratio; ii introducing dihydric phenol and base
at speci fteeniapar, iprfejeblyddanolf paa-cpaykbghenat, or @atilaiy@@w{nheew; 11y 41y intggfiagiahg

t ar get co%?egtbr atti on, ranges forr dsi hc%/dridc er;:hﬁneol a;te %n(%ear ﬁ]}}édrrbmﬁgtde in said
sol ut i on:PIFA USRS RGBPRGZEATHPISET T BRI HE AT Bloh BRESHEOlEEE S nd t he
chai njot ergylyiadroforhpisPgthP@lepBf: 1 zat i on reactor at specific and i ndependent
feed rates; v analyzing said solution, online prior to entering the

pol yrmeri zati ori r eaettiog alyrestirbrgetfoothg|dikydeic phewd spghaimfeahiattirgtiaisi ng a
Raman spectroneter,, a md jinfrared spectroneter,.or a near. infrared

Spect romet er - TheaddiFg e IghE ool 88 -2 keisi g SRR B | cast
one wavel engt hn@Sad JoiftRnence wherein said solution has little to no
absorbance, at |east one wavel ength wherein the di hydric phenol ate absorbs,
at | east one Vidvelsettigg targitepedentratyelr rEadondibpdrbspheanidtesndfar digdrogivle in
wavel ength for tenperature conpensation; vi calculating the concentration
of the di hydri%! nBﬁ@Pate and/ or hydroxide in said solution based on the

vibrational spect iqrRiuemgaRRAlYRIDH, Kb cabORRAPIBGsbN8ndE BleCHhiat&hinator
concentrations to the target concentration ranges; and

into a polymerization reactor at specific and independent feed rates;
v analyzing said solution, online prior to entering the polymerization reactor by
vibrational spectroscopy, preferably using a Raman spectrometer, a mid infrared
20 spectrometer, or a near infrared spectrometer, measuring the absorbance or scattering
intensity of at least one wavelength as a reference wherein said solution has little to
no absorbance, at least one wavelength wherein the dihydric phenolate absorbs, at
least one wavelength wherein hydroxide absorbs, and at least one wavelength for
temperature compensation;
25 vi  calculating the concentration of the dihydric phenolate and/or hydroxide in said
solution based on the vibrational spectrometer analysis;
vii comparing the calculated concentrations to the target concentration ranges;
and
viii using process control, when necessary, to adjust the feed rates of one or more
30 of the dihydric phenol, the base, the chain terminator, and/or the dihydric phenolate

solution to maintain the dihydric phenolate to chain terminator target range.



viii using process control, when necessary, to adjust the feed rates of one
or nore of the dihydric phenol, the base, the chain termnator, and/or the
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kept constant and (1) the feed rate of the dihydric phenolate solution is
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e e
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abovementdbenethonBihoger tohainuefser ence wavel ength range is 7633 to 7752 cm 1,
t he di hydric phenol ate wavel ength range is 5908 to 5997 cm 1, the hydroxide

wavel engt h r argeei anoggg gmboedigreagoicthe abovgnmgntipreedtracthed tiewpnEne vibpeiosalt i on
wavel engt h range .5457 to 5533 cm 1 .. I.n.yet .another enhodi ment .t he
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tenperature range of about 55C to 65C. BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG 1 isndaftipaticiafromo? uptcahaslndiogdl differcetr waslealgthsr ocess for produci ng
pol v bonat e o N oo e bR Thga et of an
O g I R e s AN
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compensation wavelength range 5457 to 5533 cm™.
In yet another embodiment the abovementioned method further comprises the step of
20  maintaining the temperature of the dihydric phenolate solution during the analysis within a
temperature range of about 55°C to 65°C.
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a flow chart of a conventional interfacial process for producing
polycarbonate polymer.
25 FIG. 2 is a flow chart for one embodiment of an interfacial process for producing
polycarbonate polymer comprising the online monitoring system of the present invention.
FIG. 3 is a schematic diagram of one embodiment of the online monitoring system
of the present invention for an interfacial process for producing polycarbonate polymer.
FIG. 4 is a schematic diagram of a single transmission cell, single light source,

30  multi-filter NIR photometer.



FIG 4 is a schematic diagramof a single transm ssion cell, single |ight
source, nmulti-filter N R photoneter. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
FIG 1 ilwo=zoreatiess4 in the formof a flowhart, a convemCirarsadioiopiier f aci al
pol ycar bonat e manuf acturing process in which the phosgenation reaction is
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phosgenation reaction 10, a carbonate precursor, preferably phosgene,
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exanpl e, (ssl?(?ﬁdi um bi sg{henol at e. Thg didh riﬁ 1%henol ate is dissolved in an
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such as a sodium salt of “a nonofunctional phenolic conpound,” for exanple,

phenol orDurintgaphosgamaiidp ehalucowrghaspol ba&vd phase wagtioh megturge genesalbh as t he
sodi um sal t. of mul ti function enol i c ound., .The chain term nator
and opt ohtinedalin b ShegrBb ko ar By Lo Gralar b Bede it B he
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optionally a branching agent such as the sodium salt of a multifunctional phenolic

20  compound. The chain terminator and optional branching agent may be added before or
coincident with the coupling catalyst.

During the phosgenation reaction, salts such as sodium chloride and sodium
carbonate are formed and dissolve in the aqueous phase. The carbonate oligomers formed
enter the organic phase.

25 Following the desired phosgenation, a coupling catalyst typically, an amine coupling
catalyst for example a tertiary aliphatic amine such as triethylamine, tripropylamine, or
tributylamine, is added to the reaction mixture. A cyclic tertiary amine, such as dimethyl
pyridine, may also be used as the coupling catalyst. The reactive carbonate oligomers are
polymerized in the presence of the coupling catalyst during polymerization step 20 to the

30  desired molecular weight.

The molecular weight of a polycarbonate polymer can be determined by techniques

such as light scattering, viscosity, osmometry and freezing-point depression (unless noted
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desired nol ecul ar wei ght. The nol ecul ar wei ght of a pol ycarbonate pol yner
can be determ ned by techni ques such as |ight scattering, viscosity,
osnomet r ywandiofneszi ng- poi nt depressi on (unl ess not edot REeTRiSe@E0/023187 t er m
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m xture, SQl Ut i A LLYgl I t.on ter/oraanj c
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nol ecul ar wei ght refers to weight average nol ecul ar weight and is

det er di netRteIjorgaIlic prlv et artico thechimperatuaRy AR e TETIHE) agitstiomyrae. hihighniaeducas

pol ycarbop tcﬁragfe%‘?ﬂé‘hﬁ f%%ﬂlog.s RS bataald n iRl aeyl A, AL ANt ?gf}'ﬁ?éf' Ak ons,

i ncl udi ng e |sper5|%y Ihdex. Rererri ng once again MG , Fo1'7 owi ng

the desi nedg@Qnplagé decfar %ﬁghﬂb@ﬁ@l@@iﬁlﬁﬁdb‘?@él ;’b@ﬁsaﬁdﬁh@&u@t@?@pwase and
the organi c phase are separated in step 30. Techniques that effectively
separ at e (OF&) g prraspisncl re poletarbearagsnniangdat] asnsiee ssansieslmeleryar weight act i ce
of this i nyepgi on.. Ihcf: S@ecd'.fi c.con itions and techni ques used for this
separat i oft Ard P RBI"CYTEE CRI PSR P'act i ce of this invention and any of

the dgscribed I@e’f&rilag oREPALQYEG FITN A, fARMIRS iheelifedt@HPMon ok pref erably
conducted using centrifugation. In the process depicted in FIG 1, the

separ at ecbhasgenetion whetgm, 81t agfierus phasgowd shadrgaas phaseiangsephiatedgn ocpsd, this
will be referred to wastewater) is fed to a ste water collection ste
0o The ERRRGER S BheTRL SRRt e et s el ER Rt Gl ae P Pl Pt ©P
typi cal | ynNpfakti@nst dﬂ@li&@nﬁblﬁ. @héé}qe@i@i@tc%h&liﬁoﬁsr ﬁﬁ&éc}%{iﬁebﬁsé@ﬁ%ﬂﬁ& l'i quid,

reaction nediumas well as dihydric phenol and/or er phenolic conpounds.
The separsepadtior ganpccrpglrabe tB2pmactide afahis anventibeast ggmifche dactibaslcasdevent |

pol ycarbonate polyner as.well as the coupljng catalyst and di hydric
Phencibat GHBHrYeL” TSR PSP A oA e RO e CPHERBBUBEING cat al yst
is generally if¢ B8 d8ficdl ¥ -.015,tﬁ@se%aﬂﬁ?éd%ﬂhecﬁﬁrp%@é%tSlb(?&rg%rl?dleéJ)"@ total
wei ght of the separated organi c phase. The residual "anbunts of the dihydric

phenol at elesaitting thix prexapyphis, witl ddirefinrbd spdsensciatatdr) arfed genensae wateress t han

0.1 weight percent. The separated organi c phase |s washed in step 40.
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critical tgrﬁcﬁlﬂﬁl\lﬁlaaﬁlhil\?a%C@% bhfhiSo ESHERE 2R R o'fgjn% f&, rk&tion medium

20  as well as dihydric phenol and/or other phenolic compounds.

The separated organic phase 32 will contain the organic reaction solvent,
polycarbonate polymer as well as the coupling catalyst and dihydric phenolate salt, typically
sodium dihydric phenolate. The coupling catalyst is generally in amounts of from 0.05 to 1
weight percent based on the total weight of the separated organic phase. The residual

25  amounts of the dihydric phenolate salt (for example, sodium bisphenolate) are generally less
than 0.1 weight percent.

The separated organic phase is washed in step 40. Techniques to wash the organic
phase are well known in the art, not critical to the practice of this invention, and reference is
made thereto for the purposes of this invention. Typically, the organic phase is washed with

30  adilute acid (for example, from 0.5 to 30 weight percent hydrochloric or phosphoric acid
solution) to extract the amine coupling catalyst; followed by one to five wash steps with

pure water. These water washes are generally performed in a sequence of conventional
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made thereto for the purposes of this invention. Typically, the organic
phase is washed with a dilute acid (for exanple, fromO0.5 to 30 wei ght
per cent hyonrownioasisc or phosphoric acid solution) to extcadaiS2elh@2ant ne
coupling catalyst; followed by one to five wash steps with pure water.
These watmixenesi@SyaeRs geaedtak lsychosbarymikdrdaml 15gadageid cehtrifuges or
conventional m xer-settler systens separators such as rotary m xers and
li qui d- | ig0irdugdax¥IdtYges or centrifugal extractors. In the conventional

met hod depi ct in FlG. .1 h i di ter 41 an h [ 42
e Pag rot h o hdeivich hiRpa ik AP RIGE R acldhc 308 WARE YISV

f ol | owi ngymesd)id2gue £ANb ddwhenskl €olkAMMOLUBS 60.t TR GalpvasiieAREbYSYInaNd,
typically, traces of organic |iquid, water sol uble polycarbonate oligoners

and diSs pevasithgpeinjanphoidicsopapeid thescoupling pasalgsttapd.dy pionllys trepes o organes
aqueous mi xture solution.conpri si t he tewater,. and/or acjdic h
neor - ittt i SpHeble R PRy 8 fidalnpS ARl R T Roy GOl REDLE MO
basi ¢ mat&khahont Reprh, Uet adubSusaAaRY Solliidh L6BpS@hgitht Whsle®alh, Aliklabiag
aqueous m xture solution having a pH of 12 or higher and free the am ne.

Convent i onash vestarr aisl/orovateregishiagers tgelel vihosamstiqortdieeranttabdabasemetephloped in
the practice of this invention. The specific conditions, and, techni gues used
for this 4t Beaipota m g salvian ©dp AhipradysPiz i ueopiRn by g il 8 and
any ofy the gdesalel Redreame At &Mt aKedtionhBxteactib R EchquésSwaPkMBM A Y BOGkt

preferably conducted using extraction colums or centrifugal extraction. In

t he ext r aahibeempiapd ROthe phastiph ehidis iovemsioer iTht specantcaditionatied teshigixse

ol i gomer s, d di spersed pol ycar.bgnate particles are renoved fromthe wash
Oat o0 e aiso Bl o RFASR aBnal ERic W PRkt B SRRt SRuht GPni ne t e

am ne coypbiidcah 8 ¥sbloyCPMYRNLEAEY isfiBFmBRS S drefeiblN&ndREOEGSTE N t he
organic liquid used to the treat the wash wat'er and/or 'wastewater Ts the

or gani ¢ lex¢actcbnuddmngortdestridngghpktcactieact i on phase 10 as well as the organic

reacti on phase 52 renoved in_the devol atizatjon step 50. or gani c
[ qui 8, coupl IAGaTARRY stem )& PIE@PQHH@remkn@@fﬁ@yp%W&OI@?ﬁ%@m%?’s may
be recyclgd dY%efs,@d gl?cirﬁérﬁltté ti §<£1'érr§n8@dy kAl AR REERIAsRIaBRBYN 1N
FIGI. It 1s desir e to recycle 71 directly back 1nto 20 as am ne
coupl i ng exahetionswsh theyorgadactiquid tbntainingrthe amas doypligecatdigan. €ohwendnslysfoch as
di chl oronet hane to form undesirabl e quaternary ammniumsalts if the

r esi dencéts HefUTRCTINRCe ERY E1CT83e BIAepddP et Braade Yashevale 1961 ong. The
treated V@ﬁs@wat%é 81:3 So %ﬁ(ﬁgﬁd Rah e (l) nile gea@ﬁor!@lxeajse gg a§ LRfies th%f OIthI%C

coupling catalyst, to steam strippl ng
20  reaction phase 52 removed in the devolatization step 50. The organic liquid, coupling

catalyst and extracted or removed phenolic materials may be recycled 71 to the reaction
mixture polymerization step 20 as shown in FIG.1. It is desirable to recycle 71 directly
back into 20 as amine coupling catalysts may react with chlorinated hydrocarbon solvents
such as dichloromethane to form undesirable quaternary ammonium salts if the residence
25  time in the recycle system and/or storage time is too long. The treated water, which
contains organic liquid as well as traces of the coupling catalyst, is fed 72 to steam stripping
step 80.
Steam stripping is a technique well known in the art and reference is made thereto
for the purposes of this invention. It is conducted at conditions to remove the remaining
30  organic liquid and coupling catalyst in the form of vapor from the aqueous liquid.
Typically, the steam stripping operation is conducted by exposing the aqueous liquid to

steam at a temperature of from 100 to 200°C. The organic liquid and coupling catalyst
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Steam stripping is a technique well known in the art and reference i s nade
thereto for the purposes of this invention. It is conducted at conditions

to renmovewOhlelwanmitni ng organi c |iquid and coupling cat acyats2em/oei1e7 f or m of
vapor fromthe aqueous liquid. Typically, the steam stripping operation is

conduct ed,abyrixd0 $he@ednh Strippiag @psratibg biedhdrocontiemed 81 aad thyled abui @e of from
100 to 2000C. The organic li1quid and coupling catal ystvaporized in the
st eam st rtf9sfsidrvgnsh pad ataptewatgr bagkte thecadetieedes10. aplicmadyaly.de femeyed he

treated wash.apd .wast ewater bagk the extraction step 70. Alternatively,
the. r emovares ddvitan P B sRABEctErants R P RER ik pROBTERY 1
whol e or reattidamhixtuek, pRblaplylthe fa&l?m%ﬁ%ﬁdn%acﬁbﬁtzyreg preferably the

pol ymeri zation reaction 20. Follow ng steam strippi ng, the aqueous phase

82, i $ di sposdthllopring/iteran scipnimgnthe atiiasms phaspl$dnisldiposgingroeded, wat er

sol ubl e oligoner.s i.sper.sed pol ycarbona articles.is syfficiently small
the. aquectEoaLEh eEABES SrRaTElt: Baar Sy BbRYErS i en iR bRAERE S uch s
the sea QfadiAGKLSHcHALESmN, (RE AQIRoWEpHSe Wil ROMlealddr b R]AIc LhRRIRNT -

Al ternatively, the aqueous liquid can be used in other operations such as

chl or - al leavirowhedtsndl 3ssthe seaFpbranki shgy aterstribnige welle wpthbytclarthertetagnérs. i sol at ed
fromthe prganic ase in a recovery step 50 using techniques .1 known in
the ar 1 AR R RS T P AhEDapo et AR IGT TR sol vent
or ev@poradd@nsRf the solvent in an extruder), or precipitation with a
nonsol vent for the pol ycarbonate such as hexane or |ike neans. Water 51
from step 50, Refliogting wasgpdnres thal fojysetonn@tiedolatedrar ¢hecorgane phdsequad reacti on
medium is preferaply.fed back to different points of the process such as
the wash TSRBENGHERTD Bringer AR WR §ovwina (ag Wbty dppttizg orpfihatis Stfapi ct ed
in the FlGpdaaddst BXL419GH QEvabERidPof B0 AUBRG BBBY R BepRtipiaRR Of the
present f%v%n??oﬁﬁis §%g§%’asvéﬁgﬁ%m/%har€ g%RFIG. 2 ang’ggnélgrocess
schenmat i owitlna kbBolv@nt b éhel ppycavtenetetsudf ad leeapr @déeanainst Watgridsesth step

i nvention over conventional interfacial polycarbonate manufacturin

pr ocelSses>l whichds gefleraltyysatusatediyitd e orgpe difdid rrRatighmedsHariy Preé‘ifa%ﬁ%?ﬁ ai ni ng
t t dihydri dj ' t
chai n ¢ erih UG E P PR (TRRTBL: S TEASKIRLw A% LB a0Vl I N Bl O

adj ust menusppef 80BE a0 depiotee i0the tHIE. dj dhy dkirsctipherpl70f | ow rate into the
di hydri c phenol ate solution tank, the base into the solution tank, the feed
rate of the didyembedipianesthe Brosessof therPresenbinyprtiondh §hasyn ot flow chahit or |

S‘Pg]{ g: r L%%?ﬁa%&ra?é%{%fe%st F:ﬁgr%lgtﬁcniinrﬁ@ 3, i hte?m%rho%egl%llélormﬁfi: 5raoE:fi:s(§ ¢ {h%aCt or. A

20  present invention over conventional interfacial polycarbonate manufacturing processes is the
ability to improve molecular weight control by maintaining a target dihydric phenol
monomer (measured as the dihydric phenolate) to chain terminator ratio. This is
accomplished by real time process control adjustments of one or more of the dihydric
phenol flow rate into the dihydric phenolate solution tank, the base into the solution tank,

25  the feed rate of the dihydric phenolate solution into the polymerization reactor, and/or the
feed rate of the terminator into the polymerization reactor. A preferred method is to adjust
the feed rate of the dihydric phenolate solution to the polymerization reactor while keeping
the feed rate of the chain terminator constant.

The specific dihydric phenol to chain terminator ratio depends on the desired
30  polycarbonate polymer molecular weight and can easily be determined by one skilled in the

art. The acceptable range for the ratio is sometimes referred to as the molecular weight

specification; polycarbonate polymer falling within the range meets the specification and is
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the feed rate of the dihydric phenolate solution to the polynerization
reactor while keeping the feed rate of the chain termnator constant. The
speci fi c wohlydriledsphenol to chain term nator rati o depemrd3/useomioesidesi r ed
pol ycar bonat e pol yner nol ecul ar wei ght and can easily be determ ned by one
ski | | ed igacdpigbl@r PolyddneoraGcgpirad falling pgeidewt thdy@ngaisiont bSspeoifieliticiesd is
referred to as the nol ecul ar wei ght specification; polycarbonate polyner
fal i ng wngeseRtabke thisisgemsimes refereedtpas Pt fappomagHal grodteage-abl e.

Pol ycar bonat e -pol yner. fallin tsi f ran i fia$PeGifhcati on
and is unaccepﬁiéa’b%é‘{(ﬁ]tcm%gmllsgg%}’r;gﬁ ‘lirgr%ussag é‘#egrg gg%n?%eggangﬁﬁoﬁfwz,p%g 1r(r)%t erial
or of f - griagrctiveein Aysluiicn RRRNPY at WaéRhderddbt&Mirgdd mdabardiebld feemdaed
tanks 100, 101, and 102, respectively into a solution tank 110 at

i ndepéndekite, fegibragas treagh aetdo cunet taeger siviges foe de dibydeis phehelateaed hydosklear e
each set to ef. t et .ranges for .the di hydric.phenolate and hydroxi de
concent r &neT e TS BT aBhuo LR Eh Y ShbBR IR Sl G &

cal cul at e cRaR W niRftoCdrakét tb Brdllubah PblyediBori@! pdlPmPBY RAEe ﬁoﬁ@ﬁ]ﬁﬁ&_&i?_ﬁf‘ ate
pol ymer having a nol ecul ar weight wthin a desired range, or specification.
The concenithinridgsiragfrangre ovspeyidicatop hBregloatentrapipe pbthglslilydrin hewsdatem sal t  of

bi sphenol d/or the concentratjon of the hydroxide . .in the agqueous

di hydr T o RSHEFBNATS s snt op por il & piled S nePROr e P ke o BB L ne
sol utjipon dqaddus BHYdR0 PhéktRace AiX RS proddsk QRedne el A dbRPmPed bbRveRh MRS soRIAS |
after the nononer preparation step 1 and before the phosgenation step 10.

The det ertanlnbt( 2 tBe pslyoheriaticnacanordid0ionen wilier stordm aftershesionomet er |
preferabl&?a Raman spectraoneter, a m.d infrared spectroneter,

., an infrare
or a nearP'PRFUNSIERShE hedre i Phoreenifien éﬁeﬂqphg‘hﬁsﬁtew%% i doc pgn
di hydri c PGPl RNANH e omAEr ?i‘e‘félﬁbl raﬁ{a‘i‘x?in%{p@&t%ﬁet@r}’aﬁ RERLdAL ntigadi ngs,

specifically absorbance or scattering intensity at one or nore specific
wavel engtihfrarétiepactibmater coral neabmbémtrangec(ometsc 2l ehéem theit@rsntratjoni of the
converted usjng standard and readily available software to a concentration
| evel Spy dhydbishhierelats spd/orhulresidp ateetetermiineddyspectial eadingsapecitiepliyhe cont r ol

system 3 gagsoﬁ) elo? \éc,eitt%riﬂ% fﬂéﬁé}’tgi ':ai Sneo(;}qg(ﬂjg q %éi?@%@gle%ﬁm r '?Pl(é Qgraﬁ&?

determ ned to be acceptable or”not b5, time changes 6 or to one
or nore absdbendededscha¢ri(gSiptensitydiihywivetepindimnoitaraiacd ard eadibtdvailablie o t he

di hydric phenol ate solution tank 110 are nade as desired. Alternatively,
the feed SPHMaredP aqqacetpfen jeyelinehennanuerdalytlihg somanisr 23brekym yreignzlate on
react or hist r . i ihn he f f the
Chai n t ety sy SR ATRB. ihc Bl B ER0GIY i lS: SLERIPLMIE G EERELR] e
f eed Joat eediccdpitbl€biand 5t gidveRiié changts 6 BODL bk driigorkloEthe)feéditage($)RE

pol yneri zation reactor 130 may be '

dihydric phenol and/or caustic into the dihydric phenolate solution tank 110 are made as
desired. Alternatively, the feed rate of the dihydric phenolate solution into the
polymerization reactor 130 may be adjusted, preferably while keeping the feed rate of the
chain terminator to the polymerization reactor constant. Alternatively, the feed rate of the

25  chain terminator (not shown in the FIGs.) into the polymerization reactor 130 may be
adjusted, preferably while keeping the feed rate of the dihydric phenolate solution to the
polymerization reactor constant.

In one embodiment of the present invention the sample line 203 from the aqueous

dihydric phenolate mixture process stream 111 enters the vibrational spectrometer 210

30  directly and loops directly back through a return line 208 to the aqueous dihydric phenolate

mixture process stream 111. In one embodiment of the present invention, the sample

handling system 200 may contain valves (not shown in FIG. 3) to shut off the flow of

9.



adj usted, preferably while keeping the feed rate of the di hydric phenol ate
solution to the polynerization reactor constant. In one enbodi nent of the
present iwoentoamsthe sanple |ine 203 fromthe agueous @chyseéio/opiienol at e
m xture process stream 111 enters the vibrational spectroneter 210 directly
and | oopsaqdédiBalityirio pakndlite @ugiraallRtibg AusHineatD§ defoihfef dgusdyserdndydri c
phenol ate m xture process stream 111. In one enbodi nent of the present

i nvent i ordn yetanotherpmbodigedt piige piesens pnveotondy oedsh tasatiphthedlow efghe shown i n
FIG 3) ts(r?lms euEheOsfaIn }eqleanﬁiir? ¥ %[eiranq N3 gi t%ydfr: in% t& p %Pe%lseatrederge)% Whe al | ow ng
fl ushi ng and/or Zeréing o § e Qha yze¥ MR yet another € 0di ment  of

the presgfitssiRvgiid LicodsdiRyd@RIphefola@Hhikfire infi@e kdBle Pihe RDS cH@ARE the t he
sanpl e handling system 200 nay have neans to increase or decrease the

pr essudr e ahlyz¢ras squpogd teliieydesserephéregiragass i1 Lk eetiveen the d8wdyit ehé¢riotate 205
entering the anal r conpared to th ssure in, the process. .line 111
bt ween tRETGRIGE T BAANOM UL B SaraR FoH IR The ARG T B ORA 28 | on
reactor I30cend i@vé’rﬁfon@&%@&?lem@ﬂ{g@%nﬁodrﬁ% BNRS BRlagLBYRMiHyRc the sanple
handl i ng system 200 nay dilute the aqueous di‘hydric phenolate m xture, for

exanpl e Ipheaddiemgixeit.dpr ¢xantpheby adduhgewater foothe samglns @rdr g enthiengsdaphmplei ne
205 to the | yzer 210. et anot her enpodi mrent of the present

“nvent i orline 03 t‘iﬁﬁpan ‘%ﬁ%{fr#}Bi ﬁ@yg%lp %@%ﬂ%ﬁmrg@nﬁﬂaﬁgﬂ%t Cake ' grab
sanpl gs' i I | €, lyzed
or o1 e, SR BpdLIR Al BREAR) B Rp et (CLRE ST SR L o e o

handl i ng physdle2i@0iré peocessfsasiplel todp andEgrsl of-fing. hin yeaapitkeerlehtbedimnmio bf the
anal ysis of smaller quantities of sanple_and resulting in faster response

time. In FV%%en‘alﬁéﬁ?fH&nfq@ﬁ%@PWéﬁfldlﬁg PREMAWSEn e fasilear Pems offiae sumgle &ine
handl i ng @Xtt?l @f@sng %s%@%mgﬁ'& q%%mfﬂ&’efs%ffs%%]blr%ggd g%%gglgriﬁ?ﬁf‘er?és#ﬁ%erlﬂnérﬂ

fouling o elines."Ina pre nent o present

i nvent i onyet hfithea@udoudisndhi b the ipeespitanadngibe, the xdmiple haadilgay&ef 2003e6nd hr ough
a sanpl e handling system 200 which may conprise a heating neans for

cont ridl | id¥gnarp &ltesip deaease oluspingraddaptpigeofdhe s lisesdilh g drefergsthenol at e

aqueous dTaITLt shaRcrePRe P aRnC s R (A R o PR TR A,

syst em 2Qf3s@RerBiigh Neanyild h@ddli(ﬁg 3l st&R 200 i@ Bhy &ipidRY HhtiiBMeAitfope
tenperature controlled (e.g., heated or coole as desired. The sensor for

t enper at oetrelbing ithsl tegmperakige afilie syvplgioh pdudors giverAias pienomt mirtereda®pl e | i ne
207 is in d#&e t..contact.. w t he,, s re, the vibrational

<pect r oG i eh IR RTRLT o RS aGRRK Patrifut o
t enpeipat Wrcds$ stt@hLlothd nflY hidiBing system 200 and/or the vibrational spectrometer 210
may or may not be temperature controlled (e.g., heated or cooled) as desired. The sensor for
temperature control of the aqueous dihydric phenolate mixture sample line 207 is in direct
contact with the sample immediately before the vibrational spectrometer 210.
If the sample lines are temperature controlled, the temperature is determined by the
25  desired species is to be monitored, the specific dihydric phenol, the preferred wavelength,
and the like. A preferred target temperature is selected within a range from about 40°C to
about 80°C, more preferably about 40°C to about 70°C, more preferably from about 50°C to
about 70°C, and more preferably from about 55°C to about 65°C. Preferably the temperature
is controlled to within about +/- 10°C of the desired temperature target, more preferably
30  about +/- 5°C of the desired temperature target.
Depending on the vibrational spectrometer employed in the process of the present

invention, there may be a spectrometer maintenance system 220 which allows for specific
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desired species is to be nonitored, the specific dihydric phenol, the
preferred wavel ength, and the like. A preferred target tenperature is
sel ect ed wot2hion1e98range from about 400C t o about 800C, moTaspeiefesiabl y
about 400C to about 700C, nore preferably from about 500C to about 700C,

and nor e paEfeeiealy of the Prcabawkr DHC Ka eahaple, hd Gpeddioafets allietidnee bpwaper at ur e
is controlled to within about +/- 100C of the desired tenperature target,
nore pr ef220amybearsed forone os mont of the fellosyipgdrrraingeangdion clsaniag feersampdpendi ng
on the Vic%ﬁfsﬁliop nr%Le spe(r:otvri g Elerea%s ()li(rjlgrgc(ljuc‘,ierall'rtoqeanri)ﬁeo o%sth%; th% PlaS 3k (I;lt

i nvention, ari rra()s/ BeVA s%eél%rorret BIONSE AL A AREETE VS PEIF 556 ehal | ows

for specithé sh@pedl ieRBhE Rf it RRitinp 0péhasRl afedd 1dr ifs@ihc€¥aREEthe ohBCs
spectronet er nmai nt enance system 220 nay be used for one or nore of the

f ol | ok ngendfsuelgchigniendrondiag e ardangto thepetampé eondesll Kesnalyzermndiee fts pample,

provi din a .means 1o int.r&d ce air or anlinczrt 2gor oﬁhpr t ¥pe f.[% gas into
the anal &E%Yl 08 SR FAd M PUGTES $AR PRI SBL P ARTTOREIP ML HENIE SEIPAL hnce to
purge thenhegisi vt £mehsas bl 6 prodesOahibldir FabdRANS comphgsamer at ure

control the analyzer and/or its sanple, providing a nmeans for introducing a

zer o sanpbenetidesscalipdn gedmpmeled omdributikee cal i brati on checks, providing a
nmeans to collegt a,process sanpl.e for, |.aborat.or onpari.sgn (soneti nmes
Cailed & grab SptErYoRiG At i B RGP E RV Bt FdRoe SR (ot h
phosggnatdapiedang iPPbyemKisE 8f EMihuS@Taifort B Atk Idis@ Ploduich BabENM8n QT
continuous fashion. Batchw se production is conducted in a stirred tank

wher eas tshieredhtand wireedag theegiorsgntiiernad oentinmohnicqueque/typically makeskess oliseergh a
series of fshi rcﬁ]ed t anks or ong ogﬁ_norgjﬁt ul ar Legctors. I n .general,
phosgenatd ¢H™ Hnb%?&?fjé’rqr?é‘frf l_fJPu e“LBNYUCHEGn P ReecRdif® 4dact or vessel or
Wi thout  aRyyrhdHAlFE HedbRdRWd iil'tﬁ:@f;a‘n%e%top\;e@%i oﬁ%vﬁﬁéut%k‘i‘fﬁ@&éd‘i‘eﬁe

phosgenati on or polynerization reaction. The di hydric phenols enployed in
t he pr actpucigication drevtipr e epmbetiveve e phosgenatigesrgrodyheridationeacmort. he car bonat e

pol yneri zati on_arti. din ich the only reactive groups under condenpsati on
Dol B | 2at | onTHEGHuEIeHEn ERPIRSE i e REtiOr ¢ s BEoSy POy & SeRurl

di hydri c 19R6Rqh $hetdafodnate fXARRAtibh % 8n@in $hieh %@ﬂﬂea@t@&é%b@gps‘i‘ﬁ%d@f OH,
wherein Z conprises a nono-" or poly-aromatic diradical of ©-30 carbon

at ons, t coniémshtidnglphenakioo condigens @t deswampbeahliceytlioxyl grokpd. USEfid ar omat i ¢
group(s o

oroup() TRVGEOIBLI 6,00, o HO1E 1t £ 02LoT and, TRy RS, sUbsLi Lyt od wih
oS e il GBI SORUEHNES TGS PR
al koxy@  oxygen atoms are directly linked. The aromatic group(s) may comprise one or more
heteroatoms and may be substituted with one or more groups, for example one or more
oxygen, nitrogen, sulfur, phosphorous and/or halogen, one or more monovalent hydrocarbon
radical, such as one or more alkyl, cycloalkyl or aryl groups and/or one or more alkoxy
and/or aryloxy groups. Preferably, both phenolic hydroxy groups in the dihydric phenol
25  HO-Z-OH are arranged in para-positions on the aromatic ring(s).
The dihydric phenols employed in the process of the present invention include the
bis(aryl-hydroxy-phenyl)alkylidenes including their aromatically and aliphatically
substituted derivatives, such as disclosed in US-A-2,999,835; US-A-3,038,365;
US-A-3,334,154 and US-A-4,299,928; and aromatic diols such as described in
30 US-A-3,169,121.
Preferred examples of dihydric phenols of the general formula HO-Z-OH are

bis(hydroxyphenyl)fluorenes, such as 9,9-bis-(4-hydroxyphenyl) fluorene; dihydroxy
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and/ or aryl oxy groups. Preferably, both phenolic hydroxy groups in the

di hydri c phenol HO Z-CH are arranged in para-positions on the aromatic
ring(s). wobeodvihyassi c phenol s enployed in the process ofCrius2@ooezant

i nvention include the bis(aryl-hydroxy-phenyl)al kylidenes including their

ar omat i caehyen@nandihie paRt hedhlkyl-sibbsttdduliigdirclerbeviadey asich subyiréguigbnec| osed
in US A-2,999, 835; US A-3, 038, 365; US A-3, 334,154 and US-A-4,299,928; and
ar omat i ¢ T816F180ks 0t h4lihydeeer 3-salgrqbsnignemipha gpha-bis(hydrepehed- exanpl es of

di hyd

bi o1 hyar STUERSRIPS b aSAT QiphOh e 500 & F5 B Sranytinteny frerelisAade.
di hydr Oxmgﬂ%m&t@d\dlh&dﬂexﬁﬁbMy&ﬂés @id@yjdr@qlpﬁ&nyﬂ)an@desdsm&swwenzenes
such as hydroqui none, resorcinol, or |,4-dihy drozg-Z chl or obenzene;

al phajal ﬁwémxm&lewm@hwhéﬂww hﬁdrgﬁmhélmheﬁéiﬁﬁ Edbis(4-

di hydr oxybhi Su nd al kyl
subgtl tu%iléfépodﬁyﬂ%dﬁygﬁls% éﬁy %Sﬁgfe%erﬁﬁg%g é’%g roxvﬁ}% ?/Liprggane (%15 °hg! g
bi s(4- hyat F)O%IMMIO fh‘i—‘ﬂ)’b]) m&mmuteh bhs(lb}'(ﬁ&:é&{ph@%dﬁﬂéﬁﬁéﬂ‘@lﬁw a)sqt}b}ﬁﬂ?]rl I.His(pi s( 4-
hydr oxyphenyl ) propane, or, nost prefera 2- bi s(4- hydr oxyphenyl ) pr opane

(" bi sphedwﬂrwphenal)kt@ane( bxsplanbAPh)aIZQsm t5§-dibrasep- 4-hydroxyphenyl)propane

Py oy kTR RS ERE A b e A S PPy gppne (“tetramethyl

4- hydlroox)tﬁélﬁheﬂél)ﬁpf)oBﬁt"’&laﬂlytaﬁgty[ abiyere hhloSEandd Misalydl%xgpmh?m@mﬁmmafr@st hyl -
hydr oxyphenyl ) B{ro&?ne "tetranet hyl bisphenol A"); optiona al kyl -, ar yI

or hal osutpsipnal Ihiagyl herctradosypsiiswipd blﬁﬁmdmmhmé)ethcm Pmmally a]éfb’kyilryl- aryl -

ot osubstrrbePERuph SRR S ek cbte g bitypheRitlrones 8 ©F

bi s(hydr axyRIEBYYpher1§@IBRide LT O SEMP A RIRIIE hﬁghﬁ@%ﬁéﬁ%ﬁ ar&Xifi8d irexanpl es
of suitable dihydric phenols are listed in US-A-4 colum 2, line

68 - col UAbrA34.0R7.A¢% coham 2,jlmeldS--Aond62, lml Volukhi-24,9621d4, whams2and i n

SN A PG e R S AR e SR ST
1-99 per Qﬁ@ﬁor@ﬁl}gfﬁﬁé)gﬁ%hs Ha o ggusjedv‘ﬁirggﬁmﬁﬁ raQﬁﬂEurQEorﬁﬁl%l [-90i RYdhi C

phenol , such as is-(4- ydroxyphenyl) fluorene. Anpbng the nost

pr ef er r ecf dispheirdl &\ bl weight adicentfo angtherdlicydrigrphefiolpnicheaPebiat4 in t he
present inventi on bi sphenol A, bisphenol AP, tetrabronp bi sphenol A,
and t et r aNgtRyPh %ﬁ@ﬁﬁ’@ﬁﬂe A. The nost preferred di hydric phenol is

bi sphenol A T, L to or
greater than a@btgaﬁgﬂl%%b%t ﬁfe?é}}édﬂﬁhﬁ{? clﬁhlsl%] sﬁﬁ?ol@f&'ﬂr&ﬁl@ggn bf B &btHate

20  in the present invention are bisphenol A, bisphenol AP, tetrabromo bisphenol A, and

tetramethyl bisphenol A. The most preferred dihydric phenol is bisphenol A.
The aqueous alkaline solution has a pH range from equal to or greater than about

9.5, preferably equal to about 14, preferably equal to or greater than about 12 to less than or
equal to about 14, and can be formed in water by adding base such as caustic soda, NaOH,

25  or other bases such as alkali metal and alkaline earth metal carbonates, phosphates,
bicarbonates, oxides and hydroxides. Base is typically used over the course of the
interfacial polymerization and further added to the reaction mixture where appropriate to
maintain the proper pH. In total this usually amounts to the addition of base in an amount of
2 to 4, preferably 3 to 4, moles base per mole of dihydric phenol compound. The base, such

30  as caustic soda, is added to the reaction mixture to adjust the pH of the mixture to a level at
which the dihydric phenol compound is at least partially converted to dianionic form. A

reducing agent such as sodium sulfite or sodium dithionite can also be advantageously
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9.5, preferably equal to about 14, preferably equal to or greater than
about 12 to less than or equal to about 14, and can be formed in water by
addi ng bawe 28u¢thomg caustic soda, NaOH, or other bases ®athiSasiombidati neta
and al kaline earth netal carbonates, phosphates, bicarbonates, oxides and

hydr oxi degldeBasiie kectiypindalileyas watid Operfertddanslatifage odbispieol Attehfaiale

pol yneri zation and further added to the reaction m xture where appropriate
t o nai nt dishe ¢Bydcopdpolgiq sojutiop dank) is 9 te 2.4 praferpblyditt 1t o the addition of
base in an anmoyn [ rrably.3.to 4. ol es. f e of

di ydr o phenak Cusaiudpls e FUENE B P ek ren RLETAIBMBR IR O ¢ ne

reacti on gibugsurieich Sandts disgladel €rapiihefcaibo@ylndaxtioanria att@ckebyl @y ehiodtof WaitgArit he

di hydric phenol conpound is at |east partially converted to dianionic form
A reddci njeagiermpeuid agd inghyles hukignpy fesessariyd unitas t@icamionyi hadidest aghlso be
advant agegqusl ded.to the re 1,on_m Xt ur e~as | 1. A preferr | ar
ratio of B aphehar 0o HoePaRE sk ARk TR s PREL BBl TEn ™ an

is 1.9 t @phdsgene ik ebehabd witB e difydiclpdnsiddaidahe iPihe aHidnk akdiifaddi@idnor use
in the present invention contains |eaving groups which can be displaced

f rom t he apdrchohy pddedrap@rolutiontn tiekvassr-ieiseihieaenapacs ve prgpdici selvsheangl
conpound, . and .i.ncl.udes. but i s not .necessari llimted to carbonyl halides
o ooy afRfetd R R AR RpLPRC AR bE blotied i esfacth AR P3hL o
pr ecufps orforrR beh ehdldyproRRKEEIMEdisictvecaHit1a6dieth the bikahitphdidyrtel cartihgol
conpound i n the aqueous al kal'ine solution and can be added as a solution in

t he wat erpreguiioséd fypisalhomsedémen pmeuirajddl t© Is®iprefatablynd] tchbAomgles pemmgled wi t h
t he aqueoys,..phase.or .can be bled into the reacti mxture in the form
of a gas ANUBARE PPN RPTY i srornBresduEu BORH MleMiiitbhreGrid ' The
car bonat e,pf 8CES9Tent ShibYiBé,cad-tithés&@hdnR, @FadIRYEhaR, cllofbbbRzehe Sind
preferably 1.1 to 1.4, noles per nole of dihydric phenol conpound.

Repr esentdidrormotosehith tatiabydrderah doxiana et baychno cdintstnys sWfmddeasyleet,hy | ene
chloride, 1, -dichioroe%ha , tg%ra hl or oet hane, chl or obenzene, and
chl or'Bf orfy°Ot 8 IHICh™E2d ?5%& rBAGHEN:  di oxane, nitrobenzene, dimethyl

sul foxi de, Xyl@diRg pheeeaR miRbd a4 @hferRMcPR ARG «d disties! &r@dspeBat h phases
are mxed in a manner which is sufficient to disperse or suspend droplets

of the salrvgats of dretseivennepntdieing dreommtzanetegrenusos ar off sthenwiset dvatagi he cont act
the precursor wt s.al kali ne_m xture, ction between the

car bonat &t P e R O HE U e RE O Y RE (e EGUS pHESER e ds
pri mar i | thd DferRictoR®iln Bl okl BHARNFIEIRTAGHS B bi bierlditndlidiysthicc phenol
conmpound which can further react wth nore di hydric phenol units to form
| ongexo claequralrmgtiinbe dihy@i¢ ploamet corspamfliwlech am farthol rygambibmadre didharia
phenol units to form longer chain oligomers. Oligomer is defined as a polycarbonate chain
having 15 or less repeating units. Some dihydric phenol does not react in this phosgenation
step and remains as a monomer but will react later with the chloroformate end-groups,
formed in the phosgenation, and some remains as shorter chain, intermediate bis-esters. For
25  example, if the carbonate precursor is an acyl halide such as phosgene, these intermediates
are primarily bischloroformates, although some end groups may instead be a terminator
residue, phenolate ion or unreacted hydroxy group.
A chain terminator is a monofunctional compound containing a functional group,
frequently a hydroxyl group, which will produce an anion capable of displacing an
30  unreacted chloroformate group which remains on the end of the oligomer or polymer chain.

Representative of the terminators which are useful for the production of polycarbonates in

the present invention are phenol and the derivatives thereof, saturated aliphatic alcohols,
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having 15 or | ess repeating units. Some di hydric phenol does not react in
thi s phosgenation step and renmains as a nononer but will react later with
t he chl orwbanratieosend- gr oups, formed in the phosgenati orCTASAVISORHIT e NS
as shorter chain, internediate bis-esters. For exanple, if the carbonate
pr ecur sormétallid Rukdieas| alkal dc@tec}ﬁuﬁdbsatslandw&geﬂz&ylsﬂmﬁ@ nidio#loE thnas, @ik e
prinmarily bischlorofornates, although some end ‘%rou ps may i nstead be a

t er mi nat cfcahelsi disdky! pisahls-andinegnd srethiinabing. dof Heter BRgOG MBI DYy HEnel
t t
B N M T

di spl aci morem) die trasdse gretéiicl fof ofemaliee g aupinibhtidh. rERINtEIn06f dHag end of the
ol i goner or polymer chain. Representative of the term nators which are
usefuls f d@rmln@tobwéu%@mnd@ﬁ Opﬁmﬁ%mt%glar wetghbofpthéﬁelryt:arbmﬂémwlmebr e

phen0| %d hga}sﬁeﬁletv }/érrl]eegk% gd in Eé %Irt ?g ?cal r‘1‘?}:&1 s%gse% on a”%&é" lic

sulfites,

nmonohal 0&if|b@djbﬁ§n01@nbft@rnﬁh§t@h@ﬂ ﬁ’omtabbls'r’t' 1kt)6|10ab@@dstalls¢o sani | l ne and

met hyl aniline. O these, phenol, Eara t - but phenol (PTBP), p-cunyl phenol
and para-t- octmn@h@m%ﬁen(&(tmcallxp enolphaveigy rmtqliqumhyqlrpxy pheandensgHolPTOP)
are the nos ent nt| on nt of

chai n ¢ ermoif s BRLER o naBRdePetaR PRESE Lo b BB AT PE BT of ¢ he
pol yc@r b%@b@lmbéigﬁranarwlaﬂcﬁmga@gﬂeys daliebE vieskhig Bk ald ddneflilyont Be art,

but typically the range is based on a ratio of bisphenol A to term nator of
f r om abounorg of @elfollomnabplulprdghtcm phlorgglagidn?.hglimebmt340tyigd-cal | y phenol s

havi t 1 b

el oyed 1ograBPARD B oy ponarae Ty Rorhe Er P dar
wei ght angdy @ftﬁ{ml@dﬂ&xﬁﬁ&{ﬁﬁ%nte&lwAﬂ@ld@m@ﬂhgﬂgh'6&91(@-ﬁ§d}b§y;§}{eﬁy1§&ﬂ%h@4 ly one
or nore of the follow ng:” phl orogl ucin | or ogl uci d

2, 6-di metlh$:p -tQ(Mhﬁhvxypbmyl)bymemybh,ért;A[% hye(bove}mée@yl)benzol 1,1,1-tri(4-

4, 6- dlneth | -2,4, 6- t 4- hen ene
e Sl ot RS LSRR s B TR Whice
di metfiloxg ﬁlerhétﬁénéﬂﬁ%fpﬁmhﬁwwcﬂlﬁ henylketone: 1,4-bis(4.4-
5-tri (4- hy oxyphenyl)benzene 1,3,5-tri (2- hydr oxyphenyl Ybenzol ; 1,1,1

6-

3

tri(4- hifdydoosyypishenlynetindybenzene; o, o, 00 -tri(4-hydroxyphenyl)-1,3,5-tri-
6- bi s(2- hydr oxy- 5- rrst hyl benzyl ) - 4- met héolahenol tetra

d

r oxy- gHIHRY hede 3-RipiAdhErareyDgren vbﬁaHQ‘aFM%érﬂ?i‘)rﬂlé%tHhé 7-

4 bi s( r n
B L
3 3 kaios ( %ehy@iﬂﬁnm&t@tﬂakm’byxy‘lﬂk@lcﬁl and @tudiny fspﬁﬁr@bropﬁaeftloﬁfpou&tst the;achl, 7-

dichloroisatin; 5-brompisatin; trinellitic acid; omellitic acid;
benzopherfbifstdst PLRBRIRORGETsation Feactivgrierivatéyes (ﬂlilerli‘@OffSB‘Fh theimgltie gighigride.

conpou ndscrlmteg(%rlaﬁ&gde and trimellitic anhydride chloride. Specifically preferred branching

2
4,
1,
2,
hy
|,

agents include phloroglucin; phloroglucid; 1,1,1-tri(4-hydroxyphenyl)ethane; trimellitic
acid; trimellitic trichloride; pyromellitic acid; benzophenonetetracarboxylic acid and acid

25  chlorides thereof; 2,6-bis(2-hydroxy-5-methylbenzyl)-4-methylphenol and 1,3,5-tri(4-
hydroxyphenyl)benzene.

It has been found that levels of branching agent in the branched carbonate polymer
components for use in the present invention should be in the range of from about 0.005 to
about 1 mole branching agent per mole of dihydroxy compound, preferably from about 0.01

30  to about 0.8, and more preferably from about 0.1 to about 0.6.
Suitable coupling catalysts include a tertiary amine such as triethylamine (TEA),

dimethyl amino pyridine or N,N-dimethyl aniline; a cyclic aza compound such as 2,2,6,6-
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chl orides or other condensation reactive derivatives thereof such as
trimellitic trichloride, trimesoylchloride and trinellitic anhydride

chl ori de.wBpenvfidwal | y preferred branchi ng agents i ncl ugeTaishanogiati n;
phloroglucid; |,l,l-tri(4-hydroxyphenyl)ethane; trinellitic acid,
trimellitie@arhéth@higoridies orply2-aimedthylirhidazuté;din ibeivetiehenonabitbagaitdoxyl i c
acid and acid chlorides thereof;

2, 6- bi 5( ZORPGHEK §uch_ad a1 2omagKY lﬁyﬁ@bf&gﬁmﬁﬁ&utﬂﬁaclphgmrrtlma@atate ora
hydroxyp n t f v agent in
t he brangﬁgéh%gr%éﬁa gnuhﬁaﬁgéugb ua%ﬁ?Qy% u§€h§g§%é$nd%u§£%he%?nvent|on

shoul d b&nbtﬂlylaﬁﬁnd’@ﬂﬁ%r@ﬁldfsf treitﬁb;oamm@s Q%hd preaa&a&utcoﬂ,plmgl cﬁtah)ysmhumnagent
per nol e of dihydroxy conmpound, preferably from about 0.01 to about 0.8,
and mdr e ipwpetver Aropss gespidigdatthopresang inyspiien gidgnclsds trisiteylemingt i ng

cat al yst ¢lud [ S t.riethyl am ne (TEA), dinethyl
anm no pyftfl%‘!ﬁ eHlolr% %*&fﬁgm?%eya‘?d%ﬁﬁ nlglethg mm?p M gza conpound such as

2,2,6,6-tetrangtiy brd&h@eﬂie(ibﬁ%n@caﬂal?stQslg&&ﬂéﬂ%hé@ddﬁéﬁio@nts&fpltz{ﬂyﬂﬁﬁglhgr or
C

i m nocar boxyl ate conpound su as |-aza-2 @K | - cycl ohept ene or

t - but yl - dyam ebeut Y0t eber Ual @oleéperamphogplﬁwdrlg e@dm@mp@wh wammmmr

Tort ary HHEAED hgt FORRMET oYt CRebo it ar PR BT TRR HEW Y A 48 ove

process an&epkBablyht 1dast HoES@OL5 oW et ﬁﬂlead’fdhhymﬁk WwHEnd] cbMPbind. ardene,
triethylamne, tributylamne, and 4-N, N-di met hyl'am nopyridine. In this

pr ocess, catadyst suptfieraglycaddad }lsammsltfgm@r@louyo Us aueferabmpuiotabont(pi ead | y
ranglngfroma .001.to t 1 nol.es dlh dr.i henol
Conmmound. MIRETaE By toabo R AR helRs Perdheh o AT RE b oo, SRR

0. 0025, phedreheblyatis ARRE fat ﬁ@%@gmﬁln@?ﬁ b1 yRES.aBbE bRICBR! YoRfonhiBashe about
0. 015 nol es per ?,e of dihydric phenol conpound. The catalyst is

pr ef er ablopupliteehtilyst additine & Wppt wghalveenndpattfiddent fesimthieyolymarzaadrout 0. 1
and more preferably up to about 0.075 noles per nole of dihydric phenol
conmpound.P'&Sife or all of the catalyst is added at the beginning of the

pol ymer i zat | OTpdN QAfonate é?é‘éf dh)f rés@rﬁ 1ﬁ%ﬁ|oh REvCARl YR ARAMEFRfbLH S split
with a second part added l'ate he pol ymeri zati on process. Polycarbonate

pol ymer s foim tbait frezseper i@mmw_:wso(rg/ favi) &0 ateiut 160 o0 main eprefoFR)y Hibmfabomt about
L8PS LS A Tunk el £90 G010, i prctet sbby, i om
g]e?e£ (r)n ﬁte}gﬁ'lh %ﬁg‘?ﬁi‘”ﬁr‘%ﬁ all()é[élfiljlﬁlff{oé?é h&emhiB8d RotRGmiNaRndELhe ‘é‘&’ﬁﬁﬁbrﬁe& at
20 300°C and a load of 1.2 kilograms
Referring now to FIG. 3 and FIG. 4, the vibrational spectrometer (in FIG. 4 a NIR
spectrometer is depicted) 210 collects absorption intensities at the filter wavelengths of the
solution flowing through the sample cell 419 and to the integrated computer 230. Among
other functions, the computer (1) performs calculations on the absorption intensities to
25  compare determined values to targeted values of the concentration of dihydric phenate
and/or the concentration of hydroxide and (2) based on these comparisons, sends control
commands to the control system to enable real time process control. For example, for
polycarbonate made from bisphenol A and caustic, the calculations utilize absorption
intensities acquired for four filter wavelengths chosen between about 5400 reciprocal
30 centimeters (cm) and 7700 cm™. There is flexibility as to the exact number of filters and

filter wavelengths chosen. In one embodiment, the region from 7633 to 7752 cm’” is

selected for the reference, 5908 to 5997 cm’ is selected for the bisphenol A, 5642 to 5723
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3000C and a load of 1.2 kilograns Referring nowto FIG 3 and FIG 4, the
vi brational spectroneter (in FIG 4 a NIR spectroneter is depicted) 210
col | ect s wb=oroptidsn i ntensities at the filter wavel engt RreTaAfS20100238307 Ut | On
flowi ng through the sanple cell 419 and to the integrated computer 230.

Among ot hei fsubleticons:, the NaOED apdi5437 tohp3pent ds saeqaed tihatdmmsatore t he
absorption intensities to conpare determ ned values to targeted val ues of

t he conce®iPaliayAnof di hydric phenate and/or the concentration of hydroxide
and (2) based [ S | ) t he.control
systemto enab %1 éeezgﬁr%tcﬁﬁlgg%ragégg rg%ﬁat%?%?r.ﬁ&lg%ﬁ%ﬂgfgwg fc())% %%ﬂ:ggggr bonat e

made frorgpbdtad peITE atvaayifly eaifRtdtees.t Tee BiddgetbdédrfReridald @Resahs abJiptvh
intensities acquired for four filter wavel engt hs chosen between about 5400
reci pocahtepgies anstappLey thercalibratinh matpig te predict threneentgitipn.eQPnpf they as to

t he exact_nu f. filters 1lter. wavel engt h 0 | n. one
L e o R s

r ef er encealcafi8n! ThRPmikdtesltht SpeeahEsit@htmeht (ERemBhis phidlg, Aobirhg, £t6.)
5723cm 1 is selected for the NaOH, and 5457 to 5533 cm 1 is selected for an

t enper at Uhe igmepend wheppsing e gk pRecune spesiarsest i1ba comppice petpatithe enpl oyed

| nt cor ot aacugmbarFTnane faRBSTHRE coBBl it Fulis Kl oL BRRREE il Rus T e

cal i bipat ivpd)1 BRIwH h th@ar THé Edntio SysEAM G Wt kifwn fNBe ik, théiLappivetengt h
regions acts as the baseline reading and is incorporated into the matrix

cal cul at iappropTiafedogik itoriletanaige whet aspiens shahlddrectokanabasedhen the resultsean
centering, s thing, etc.) that is.requjired n.using a full-spectrum
cpectrometer e BEspura vl ERL s i BEE e LR o oR Auft b P PREE he
plant’s oRiMdddls 1Ry St SMdel v av e (RRhER CodldSRd, ater ArcaBBhE NCaReN®! Iin known in
the art. The control system also well known in the art, then applies the

appr opr i additiongd phetomgtereothenmeidwhakcaniofraed yilyhidenali sizstrosiopie tbdhsamenpan he
results. There are several .suppliers pof sui.tabl hat onet er, t echnol ogi es,
Such e te TP S5 RbReRERTIoREE S basfiute Safey B erenesrdsln, o) - and
ABB I nc. (Eahn atffyzer bike@WHIatNIRRelkOn RRATOSMERF, 3 dSRHal s @onRER! arldth ar ed
vi brational spectroscopic techniques can be enpl oyed for the dihydric

phenol at ERIRdlitkygeoxdreeaara bl 9psonskdonexeamapiptesaf fupplispect:rAmlem dlayaléon based

on 2, M el Son LLSE S OTELE1.8 L 09R ALY, SRECLIATEL  and o £P1 R o sk
H?QSL; ?2 nss%lﬂi(ﬁ ?%@?ﬁe&ﬁoﬁiﬁ{@(N&%)a?lk,@’f)??@ri%ﬁ%@s&ﬁ%?ﬁ&m@%ﬁ%ﬁb; 4b%iure
20  Systems Corp. (Hopkinton, Mass); Carl Zeiss Microlmaging GmbH (Germany); and LT
Industries, Inc. (Rockville, MD)). The equipment vendors normally supply, with their
equipment, a comprehensive set of operating software, which permits the user to operate his
or her vibrational spectrometer and to analyze the data. Some systems have an integrated
computer and some have a computer attached externally. The computer is used for analyzer
25  control and data interpretation.

In addition to vibrational spectroscopic techniques based on absorption, Raman
spectroscopy is a scattering technique probing molecular vibrations and could also be
employed for the dihydric phenolate and hydroxide analysis. Some examples of suppliers
for process Raman systems are: Kaiser Optical Systems, Inc. (Ann Arbor, MI); Bruker

30  (Billerica, MA); Analect Hamilton Sundstrand (Pomona, CA); and Process Instruments

(Salt Lake City, UT).
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Spring, MD); Perkin Elnmer (Norwalk, CT); Varian Associ ates (Sunnyval e, CA);
Moi sture Systens Corp. (Hopkinton, Mass); Carl Zeiss M croinmgi ng GrbH

( Ger many)woanty/i®skndustries, Inc. (Rockville, MD)). Theceqse@omeiiovendors
normal Iy supply, with their equi pnent, a conprehensive set of operating

sof tware, whi dbedpeitdl précdsh@ibugRihal Peopah@ts oninfodified1eboriioby Gibiadioadl
spectroneter and to anal yze the data. Sonme systens have an integrated
conput er SRARITOSAAES RAGRNVANEQRhdesign %ﬁltbsdﬁ%fawaﬁtﬂ@r inyentipn. fhe peieisert wistens used
for anal ..caont rol ot retati |.n ition to. Vi tional
spectr osab s WAL R A B SRS A ol B A P Sich BO R B

scatt eri ng dxeafthieGapRy @iwieh A0 hETitha@ér (wirhy @thlemngh althee Quikablnsd Qe s

enpl oyed for the di@%dri c phenol ate and hydroxi de anal ysis. Some exanpl es
of suppl iwemntipprdopeisdng en RgrpRpctEyRateAssigh are IREpgaice@pd teniflesipgeeyih thenc.
(Ann Arbar,. M):. Bruker illerica. NA: Anal ect m-lt.on ndst ran
(Porona, e oL e Bkt b e Mprof P BB e B bRt P
process \gpbfadd ANabatSOBGky @RIV SsiSialdIed ,ftiyalctsab%hlqea&iﬁg Yrrithdehidht)Ofahore
spectronmeters of conventional design can be used with the invention. The

pr ef er r edrefprbbrrnacentinyogs pauknt whigh thedlvad fo/led peasurpg flowy trqysbasakt @ra

operated in a transm. .ssj.on, mode . usin extractive sanple.cell .w a1l
oPTT fret aroety P RRRAH IR e ovaes L Ak B SRR R ER s e b kR g on
t he slmectarngqg;r@ﬂlec@@@tgj@h@tbglef@flect ance and transflectance with the option

of either an extractive systemor a process insertion probe. The
spect ronet er cWheba fpspeatren specteppbatooistdasised (o seiaproggssitepanl. 8 lengthy. | by

| e feedi t f bl ti basis i
i et heerruTarBeh EERe bt P g P el P Bt GRREEIN (s sed
i the T1,uileag: febptind a@ach bixghbngeh i SRRSTA At ALAHEN TS, HIBRET@RR) Groabl &

to and fromthe spectrophotonmeter. Wen a full-spectrum spectrophot oneter
i s used tabsgrbanredAproiteLsbaing equal todof €Ndd. W heeT+bgogbsabemesiceuseghile s ar e

collected at .each wavel ength step by the instrument. The resulting response
. eadn e EREMITE i Puts 260y WrsA Ot rahtet ploear SvliedeRy - or
absor banﬁ_e&tﬁ)m CURISED C;ﬁo_@@deﬁg TeAYRld $fehbRGmeddcl Heal VOGM tﬁ&ﬁppr&ﬁiz@@@@*%nce
occurs; ile when T=O infinite absorbance occurs. Wen these results are
pl ot t ed veeat thasvdsitemgthematicalyeot commncgom wih crkbrprioduciediliddien ¢aneérdragidbn
chenonet r |s with the a riate wa yg)g{treat this d

at harmat BG PTrio Bt MDA BT RLOD BRTb IR G A HGpmBlree Least

concent r af,Qfs 4L §) bk BLARM LG Rpuhrfe@ebr SBAMANf ul information usually by
using either a Conplete Least

20 In the case of a filter photometer this is simplified. Instead of having a lengthy series
of discrete results, there is a filter absorbance each of the filters (e.g., for each wavelength
measured). For example, if the photometer has 8 filters, there will be 8 absorbance values.
During the initial photometer calibration, absorbances are collected for a series of known
calibration samples with concentrations establish by independent means (i.e. a reference

25 method). A simple regression, such as is available in Excel, is carried out on the filter
absorbances to determine the matrix coefficients and the normalization coefficient (i.e.
response factor) to be input into the analyzer for each component. These coefficients are
entered into the photometer and the computer then applies them to all future data collection.
Generally a set of validation samples are analyzed on the system to determine the standard

30  error of prediction for the model.

There are many well-known mathematical techniques of correlation of vibrational

spectral responses. They include, for example, "Single-Term Linear Regression,"
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Squares (CLS) or a Partial Least Squares (PLS) nodel. In the case of a
filter photometer this is sinplified. Instead of having a | engthy series of
di scret e woolowgp9sthere is a filter absorbance each of wPhe/UuseébeeHI{e. g.
for each wavel ength neasured). For exanple, if the photonmeter has 8

filters, "NnatiermillihcabRegreadiomt b@nagoneat SgstruUREddgstitteon Niahd abisphoimaet er
callbratlon absorbances are collected for a series of known calibration

sanpl es WMIAYSO ﬁ%@h@dﬁ&ﬁp@ﬁ@dé%@%w&byov RnHélﬂﬁéh]é‘éﬁtPPn%%ﬁé of Near Ingared
referenced t%’ﬁ%égé?g%m tﬁ fxtgggulgtggagg%%%h ?xﬂ{uséggq’ o W%af}ggsaét a%‘btg ) E@gﬁéan N

carried ou ances rmne rrx coeffricrents

and t he noysoBihiidpdf Odted @Hehiiqs, and. St PaR1, M@apDIsTa " Waliags)). Oﬁqdiaeechmqu&s into
t he anal yzer for each conponent. These coefficients are entered into the

phot offet dncladry f@lﬁéamlﬁd&irwchkﬁ Bﬁgr@m@m, Eoyrpps chransfoym Regyessioa, d &iacipal
COl l ECtI CE'Odn oneg{l%e r%{sr%%ns'e&ndqi)ar a Lg (g éssalgg) I'e%?lo%r S‘lfﬂ %E %)épqgin%g ! he

systemto standafd ervor I"on There

are many deglil 1nlﬁHQMbldETB§ heVRitegadt o S&Y. glu%s o@fwm@drﬁ@ ha(:h@ieloa‘ ofvi brati onal
spectral responses. They include, for exanple, "Slngﬁe Term Li near

Regr essi dviultivpiate Gakibigtipi, rIéaMaIF@greééts,u John Wﬂ@cﬁqﬁ@n% d.gpbichestan U.K. 1989,
Reconstructi criJn nant ; An S| ds ,expl ai an
e e oM R RE T g ) BB S BpiR e CRERPER S B BAE R ¢ e
Agri cgl t usalf aenFod@ebnl Mdtasdel Tefsfdrmation Mdidr Ldmysed" &ank AHikiRkiSn ANEri can
Associ ati on of Cereal Chenlsts Inc. St. Paul, h% 1987 ("VVIllanE")

Ot her t ed‘?intihqdl,é SStenotispiMultipde Lewalrﬂﬁdi&fes‘s}éknd' ‘Ridge Mﬁ%mﬂ yiNontiFenur i er

Tr ansf or ressi on,.. "Princi Conponen SS d ﬂPartlaI Least
S b e aLER o e Mo R Moo B NER kB TR SRyl AR T g oot
et al., akp Elﬁhedfhz DBE. RumAitalticRAE in PAralantibudd Prodiiihgd- E?Plbﬁ{tl%ngﬁi ¢hbr ation,
H Martens et at., John Wley & Sons, Ltd., Chichester, 1989, nore

t echni q ué‘élcrwmstumtlng of Cognigiranpbdle], Poundlatiamis 4086; (%t Brbsyéhomgical Bid | near

Model i ng,. . ¥ Sel ony Iut| "T t|on Fact ar Anal ysi s,
B e R M N A Tt N
REQrGSS'Q@%S Nﬁb@hﬁ?@ﬁﬁmﬁﬁ . 835k Othay aRBG%e aPoitRer anetri ¢ Regression” are
t aught . The "Neural Networ k" technlque explained in D. E Runel hart et al.

in Parallel [)&mnaQmmedrﬁﬂ@@e&kbhngWQMDp@$agmsndwmiﬁnewmmpbcdﬁ@wruction of
A B e I
1988, M TRK&aSbERATHY CA96 A/NBBndhdTRY NBLSS ; ﬁ%&ee M&ﬁlx " SpRRCAMIRE Ol 2l |y
avai | abl e software packages include, for exa
20  "LightCal Plus" by LT Industries Corporatlon Rockville, Md.; and "InfraAnalyzer Data
Analysis System" (IDAS) and "Principal Component Analysis Program" (PCA-pc) by
Bran+Luebbe Analyzing Technologies, Inc.
The results of measurement determinations are transmitted instantaneously to a
process control system, whose role is to control the process variables such as, control the
25  feed rate of the dihydric phenolate solution that is fed into the polymerization reactor. One
embodiment of control is an automated distributive control system (DCS) comprising a
process computer which is linked directly to the near infrared analyzer. The process control
computer is provided with an algorithm by which it controls the process. Another
embodiment of control comprises simple monitoring by an operator who makes appropriate
30  manual adjustments to process variables.

A preferred NIR spectrometer 210 for use in the present invention comprises a single

transmission cell, single light source, multi-filter photometer FIG. 4 capable of providing a

-18-



infrared Spectral Analysis Software"” (NSAS) by N RSystens, Inc., Silver
Spring, Ml.; "Unscranbler"” by Cano A/'S, Trondheim Norway; "Spectra

Metri x, " wohi2gtwi@eds4” and "Light Cal Plus" by LT | ndustri @ETTS2@o02310DN,
Rockville, Ml.; and "InfraAnal yzer Data Anal ysis Systen (IDAS) and

" Princi patti€Conpenanimifeabysis bétveg andfelchés’wpelengih Bidanddsuedbevirraihzi ng
Technol ogies, Inc. The results of measurenent determ nations are
transnit ?%nwglﬂ%@ Eheees \ya‘tebanathpwlaféé&@ %ﬁ@qﬁ(ﬁlh@%@éﬁ@d%ﬁ (9§étuf‘?)$3énﬂl% to

control tS}bﬁ h%r F& eor n\(/)%ﬁ) anc éil % 81? maf %Ve?etnﬁg 116?6 t%e dﬁ;[ ?1 héno?at

di hydri c ‘phenol ate SO T o THaA mer i zal Feact

One enmbodingmi hy@bxide may®hbsbfbadte., duﬁl@ﬂaéﬁﬁrlﬂﬂs atrﬁlk:bjphbcé@sommt rsﬁxbwrsmsmm ( DCS)
conprising a process conputer which is linked directly to the near infrared

anal y2er .4)Theablr ofcarpoyiopmasix glgeiyared apmyipg thei mgpbrmaphnwfaqumqaﬁm m by
which it con roc t.her. enbodi ment .of, control ri ses

i mple. ot eseEaeb TR ST Seraplh 0 RS &b MRaks Fe S Rae S AaP b an:
t 0 procesge YRbHARLES® a APRER dogeeYafos PERL [OTRb&ke ai@lsflﬂéfefh%ﬁy d T'uﬂétﬂf‘en
present invention conprises a single transm ssion cell, 'sing

sour ce, MR fampi |4 prefqyihde ondyzerm®) I@ve4 colpadsing lofs (b Mlblthnglgarvdtlcloth@f t he
transmtte ner bet ween a reference vel engt red vel epgt hs
by maasurl}grd%?r tg%/ LgRtHourciRgers n§ftﬁr %ﬁ&g@r&fmg g“dﬁéﬁi} ﬁeﬁ?ﬁgl?tds grisfat e

m Xt ure ngt hs
vy £, SPERRE P ORI AREIL] )2ty BROSOIRAPR 0. 08 MRS RIS

conpri sesna, mocﬂmer,cﬁm&sﬁm s(m@dzveﬁjmgm omméieGiltedy 4 Blapabl18, aich edpétoyi ng

mat ri x a;?ebra and ?Wf élng the proper response factgQr to_each wavel ength
det er m natff@Rn BR@lengnGiegisney siyes) ehigkeresh F?fén%fé‘éﬁer lercloidoAbhts saias

convert ttﬂﬁ?c‘i%g%%%? FeférQRﬁ@Fégﬂng@ Nk gt%f%%%e{ gI | lre T}Deq r%llt Qﬁ&le%EiHéo%E’ 410

is prefera ungsten A prefera ave ‘a

col I'i mat |di@ydrﬁr1ﬁ1elﬁdlht): ndikturd funeple BOOV rﬁimrhiile Thieghier f;vlheemhtahe n{dagsh suchodsrace
passes. After the collimting lens (LI) 411 the light is refocused through
an opti carushlgss éhoqpﬁlzynomzllérfoarotq!tmgtth@ fijtpre 14 apg-yS ganginuqydy aid t er wheel
conpri ses tgﬂl%tel Cﬁpandtoug EFt’he fhghl% ff)atlfl ! xgter asg(lfl%%h %ﬂ? fﬁeeg Qﬁe hé{t cgggls%n%lo:f ters

414 and selec eren freguenc

i nt er est .onfPtheidasiteTe@uendyl it &bn Eoldréd byt fil@r fserbcoaﬁmtatlaa o6&yl tiddesy
reference filter and is set at a wavel ength where the |light of the aqueous

di hydri c (bAkhbl anddirected fhrougtharprss vEodw d1§eitheapectipmeter sample colhdt?. Ras a
AR R R A Y RS R I
passifng UKD ad dut tigbugH Hfolticdti. Cplﬁbsdp'é&tkcﬂﬁetgﬁ sample cell 419 is optionally
contains a mixing means 422. The components in the aqueous dihydric phenolate mixture
sample 500 that absorb in the wavelength of the specific lens (e.g., L1, L2, L3, L4, L5, L6,
L7, L8, etc.) reduce the intensity of the light via a vibrational molecular absorption
mechanism. After passing through the first window 418 into, through, and out the sample
25  cell 419 through the second window 423, the light is focused through a lens (L4) 424 onto a
detector (D) 425. The detector response is the absorbance of the sample for the given filter
and is input into the matrix algebra used within the spectrometer computer to calculate the
actual sample component concentrations, i.e., dihydric phenolate and/or hydroxide
concentrations.
30 A suitable NIR spectrometer enables multicomponent analysis, a single optical path
from the light source to the detector (in other words does not require the use of mirrors), has

a simple mechanical design that allows for easier service and maintenance, can compensate
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only the desired frequency region covered by the filter is recollinmated

through a third lens (L3) 417 and directed through a first w ndow 418 of
t he spectworetoernomsanpl e cell 419. The aqueous di hydric phemusk@we2smwxt ure
sanple 500 flows into the sanple cell 419 through an inlet 420 and out

t hr ough &bor ebstluetioialcell MiadspEGiprto 5o perce ot ded @lithodtl@fec6nOpEasdrdhdry
contains a m xing neans 422. The conponents in the aqueous di hydric
phenol at CATREN)r ©mpeRpites fIopbghtisanrcs BB Aesestar aghee. waveitethe sHMBIE CEhé Bgeci fic

lens ( g'hqsolat%h fro!’fg elgf’eibtr!ﬁfif:s, %g(il/oH‘? s t Ia)%ljﬁgli'e ?gn%rol of t%g g%ﬁgf(ﬁp:%%tc?}éﬁﬁﬁh}ey . of

the light via a vibr ona ecul ar sor ption mnec passi ng

through tib@pératusd fludtietvns 4A8 exAfnple dfRLEHYPreferrd NIR! spbéteorfi@sik eheClBbtesd 19
t hrough the second wi ndow 423, the light I1s focused through a lens (L4) 424
onto & ddthegaraster IR 3pP8 mapwéactwedey OBB Sponse is the absorbance of the
sample for th iven filter and i.s input into.t rix al gebra used
winin the spandioness oL BabE fREL kB B8 SR SR AR e

concent r aFil PiRFronk 7633 todi7THY A 'C THRENBERhEthaBEhe ditMAE PKérfigate aasant higdd ons. A
sui table NIR spectroneter enables nulticonponent analysis, a single optical

pat h fr orthe pecificdhispheariatedeing moutoged, Sxtingtaderfoiothp é2lt ofobishedeled thfot require

Servi co o ReSenE A il SalEEoaa o dR A ARG Y B iome (up

t o S50 pperdeptdsAUpsh ﬂ{ees%ec\ﬁfi& et beafol B6Hitdred, TR A RITEDE cARGE IRGYdferr€PMPeENSat es
for light source and detector aging, permts the sanple cell to be isol ated

f rom t he wdvebmgdr(iFdsrangn thr dydieagletie t@t3723 coontThelwaytlenpd (Bdnehee fosl | t o
mnimze fepperature fluctuati A anpl e of such a preferred NI R

Spect r omdPE I S PPBE RO boR S A4t or TR 3502 manuf act ur ed by ABB Inc. In
the process ofrd iM@stdi€ 8RYPradtRY 8NtHe Phesch gl &HtRRA! dkahiptes Eipasranse wavel engt h
range (FI) is from7633 to 7752 cm1 . The wavel ength for the dihydric

phenol at emdwdencss apont folth bsloec i Hiwevsr.ghe¢se saimples Be nnginrmopintaonexdestfiol

i nst ance gor t he %FII of . bi sphenol A the preferred wavel ength (F2) range is

5908 o 5B9EPPEof 1IS INNEiqRay el ength for the base depends upon the specific

base being nonitored, for instance fgaAMpusti c the preferred wavel ength

(F3) range for hydroxide is 5642 to 5723 cm 1 . The wavel ength (F4) range

for the tenperafumcesciimpenstat PIR3503 atdBBletfoomd 3333 b & instdlediih hwstmnaraalt he
invention, exanples o referred ﬁﬁ% gi nts are

Cet 1 or t Ko R e OTHE ST aEs e BT gt PR Gy e et the
scope of JdMcartoRY@NEKples 1 to 4 are linear polycarbonate polymers having melt flow rates of
20 3 g/10 min determined at 300°C and a load of 1.2 kilograms, 14 g/10 min, 23 g/10 min, and
80 g/10 min, respectively. The aqueous bisphenolate mixture is reacted with a carbonate
precursor, preferably phosgene, in the polymerization reactor to produce oligomers that are
then coupled to the desired polymer molecular weight. The phases are separated, washed,
and the polycarbonate isolated. The chain terminator used is tertiary-butyl phenol and the
25  coupling catalyst is triethyl amine. The chain terminator concentration is held constant
during the reaction. The appropriate concentrations of the reactants and reaction conditions
are easily determined by one skilled in the art.
The sample line for the aqueous bisphenolate A mixture sample loops on/off the
main process line between the solution tank and the polymerization reactor. The sample
30  line and the sample are heated to about 60°C (the sample is heated in a sample handling
system prior to NIR analysis). The Process Photometer PIR3502 takes reading at four
wavelengths: (1) 7633 to 7752 cm'’ (reference), (2) 5908 to 55997 cm'’ (bisphenolate), (3)
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EXAMPLES A Process Photoneter PlIR3502 available fromABB Inc. is installed
in a comercial scale interfacial polycarbonate manufacturing process for
manuf act wongioiigyshenol A pol ycarbonate. Exanples 1 to 2Carus2010/02ap7

pol ycar bonate polyners having nelt flowrates of 3 g/10 m n determ ned at
3000C andea2ke@arkpdml. Bydiokidgy, ant 54 30530 cii 'Nten@rghikQomipansa@om). 8theg/ 10
mn, respectively. The aqueous bi sphenolate m xture is reacted with a

car bonat U SRS e Pr%eéff Bhatpmoten RS8R és fefd antp tle proFsprepmpeter emtiodf¥t or to
produce ol e e . ar
et ant - tru REARuRhs B e R YRR PR R, RISERDRP R RLE Y o
The Chalnﬁﬁd%ﬂn nator used is tertiary-butyl phenol and the coupling
catalyst is triethyl amne. The chain term nator concentration is held
const ant dur i r@omwﬁéatt\@d%&amlﬁs ﬁrlttéDa@m)inwarmr@t%mirﬁréms mzade & heogxaghame
:ﬁgcgﬁ?t S nner as )(f:atnlquI ngpop {)vtlb nesex%g: t(l)odlgt%%t the ﬁl%f% n} Refgecp M) %8Et§%ﬂ ded in
| oops on/rﬁiﬁuanp Bad¥BIioR aRl ?ﬁ@&ﬁadﬂeﬂ@s higsneas® nﬁlka@lr§ Qinhﬁléﬁﬁkérﬂﬁ},kglﬁﬂ @arﬁﬂﬁl@s

pol yneri zation reactor. The sanple line and the sanple are heated to about
600C (t hean§an§ib/@d|@fh@fatneedlabﬁvqyélsm@h@lrhandl ing systemprior to NIR

| The. P P 02 t
Sooe! enet hst " e SRS TP RRIR Pl L At B R SLE8 40 B Swpariasey
( bi splenahatsle.1 {nd)BEApokted BB amdlidt  MXEFiMré@iced JMekhBid Dt fpré@ZB8 cm 1

(tenperature conpensation). The output fromthe Process Photoneter PlR3502
is fed i rpecifitrtiopr deedist spembigaeonsgansat &ir Wpper anddbwer amemdrlgsolryembgnat@ t he

feed rate of the b | at i o | g th ti tor.
Conpar at 1 Ve celiReE AT SR Rr A e M) sl Br b fRpRary VrishE Ny e “axact
sane man r}ﬁae@\ﬁaﬁmgmlsegeguntsqrégl%ﬁ hy Ise?&new@}e@atlo@@péclf@éaubﬁenprm@frquRA f eed

rate is control |l ed manual |y based on anal ysis of aqueous bi sphenate nmi xture
sanpl es tiakenrmipedacthrdingitsl ASTHNG 133& by 2 &dvidf Plaptonetar 4165 ngls flowerate t hr ee
hours. The results for d to 4.a rative Exanples Ato B are
Sl 2 prorahfaonrat PO uceaia eRel hadtnt o marer al produced
which is out of product specificationyudfg@duct specifications are set for
upper and | ower acceptabl e pol ycarbonate nol ecul ar wei ght for a

correspondi ng MFR. Ml ecul ar weights are melght average nnlecular wei ght's.
ReSL” ts u.l e BI VCII U.J IJCI UCIIt (ﬂ/,\ Gut Uf JIJ.rUI I I UL T U I II u.u; U .L NFR I S
Qe Ohope

determred according to ASTM D 1238 on a Zpwi ck ifigff08 mellt f1 ow
rate Example/Comparative Example MFR, w/o Online w Online
2/10 min Analysis Analysis
/A 3 2.9 0
2/B 14 4.0 3.7
3/C 23 55 4.6
4/D 80 18.9 4.2
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apparatus at conditions of 3000C and an applied load of 1.2 kg. Table
1CLAIMS: 1. A nmethod for controlling a dihydric phenol to chain term nator
rati o i n wo 20mvaodsaci al pol ycarbonat e pol yneri zati on pr @Ceds2@p/0aHa5Ur i Ng
the concentration of dihydric phenolate, hydroxide, or both in an aqueous
di hydri c @hgmasate solution prior to reacting said solution with a
carbonate precursor and chain term nator to produce a pol ycarbonate

pol ymer, conprli-si ng® teghaoskfepeongiolling asdihydrirgphgneldp gheindeiryeateiiatip feadi hydri c
phenol ta_chai. I m.n r 10 .01 intreducing. di [lc nol. and bhase
b “opect APENRHA ARl Phirudl el S YR B D AL e
target comerslhieakydddxiléngesthliffn iyt dihyBhe pRdndlfe ailGier pritds exkdeg i n sai d
solution; iv introducing said solution, the carbonate precursor, and the
chai n 5t ersgideiuion;withoa earpenagmpiieurse! and chaig dererinaier t@pé@é)mﬁ @ pehigaibagpendent
feed rates; v analyzi ngg%‘s%@ed 89' ution, online prior to entering the

pol yneri zpé)tlx%er{’ FeAct ot f} vibrati onal spectroscopy neasuring the absorbance

or scattering i nt&@asd i ar@d rageli@ast dMREriVENEIE RIS RInh@f fftRNCE Wherein
said solution has little to no absorbance, at |east one wavel ength wherein

t he di hydri cliphetdilodiengdiyeie phepol jedhlase ehwegidie ane infieperdeat ispdragsdnoxi de
absorbs, and at I@ﬁst, one wavel ength for tenperature conpensation; vi
cal cul ating tgﬁg SeoNE8ntration of the di hydri c phenol ate and/ or hydroxide in

sai d ol uti onii bas@en®rdeh ontehir@idnQRfdes $RGAYRITRIMhoIARANNAL Bydr¥kide GPMPAr i Ng
the cal culated concentrations to the target concentration ranges; and viii
usi ng processaidenlution; when necessary, to adjust the feed rates of one or

nore of the dihydri henal,, the se,. the chain termnator, and/or. the
G hydr - phenbl ttoguRaE FoH so et SbrRsgr iy Tl BRaher B aner
term nator tabgeierfz8MdEreaddor dtRBediBE BRAINAEpLI Tl wrerein the feed rate for
t he di hydric phenol and the feed rate for the base are kept constant and

(1) the feedvratenadyzinghsidsdlyon, onlieprodrae entsohgithegolyngerizetich aetst bnt and
the flesed rat %igrgtrionta sepe%tr}gsicgp;[f renrearlrsiu?i%lé ?}rle ailbssor gr%eroorl slca?tge’ring %ﬁteﬁs?t?y offglte lcfi:ast
one wavelength as a reference wherein said solution has little to no absorbance, at least
one wavelength wherein the dihydric phenolate absorbs, at least one wavelength
wherein hydroxide absorbs, and at least one wavelength for temperature
compensation;
20 vi  calculating the concentration of the dihydric phenolate and/or hydroxide in said
solution based on the vibrational spectrometer analysis;
vii comparing the calculated concentrations to the target concentration ranges;
and
viil using process control, when necessary, to adjust the feed rates of one or more of
25 the dihydric phenol, the base, the chain terminator, and/or the dihydric phenolate
solution to maintain the dihydric phenolate to chain terminator target range.
2. The method of Claim 1 wherein the feed rate for the dihydric phenol and the
feed rate for the base are kept constant and (1) the feed rate of the dihydric phenolate
solution is held constant and the feed rate for the chain terminator is controlled, (2) the feed

30  rate for the chain terminator is held constant and the feed rate for the dihydric phenolate

solution is controlled, or (3) both the feed rates of the dihydric phenolate solution and the
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rate for the chain termnator is held constant and the feed rate for the
di hydri c phenolate solution is controlled, or (3) both the feed rates of
t he di hydwDeopramskat e sol uti on and t hechai n term nat or parTaScanoesbf ed t o
mai ntain the di hydric phenolate to chain term nator target range. 3. The

met hod ofch@inakimihatehgeebitrdlied tdinlyethinah@tigpdlic pirenblasidehain tdmihdter Lo ce
for hydroxide is caustic; the carbonate precursor is phosgene; the chain
t er mi nat df1§% phenol , para-cunyl phenol, or para-tertiary-butyl phenol; and

the pol ycar bonat o pOLYIRo 5 Aubh JARACh 1 BRLUEANRANAL B BRLYTRT it The

met hod of C ai'm 3 wherein heno car’bonate p mer’rs |inear.

5. The nebbrd fefhydradide i3 chustich@e ca®opite piddgrsar BpAbGRhEGhagRi tethatdres

pol ycarbonate polyner is a branched bi sphenol A polycarbonate polyner. 6.
The nét hatendl, paraichinyl plivapkonpapderpalyyylpeeiel:and sheprlycankpnate nebyrperis aw
rate as determ.n at_ 3000C an | oad of 1.2 kilograns of fromabout 1 to
about 10 1%%8%%‘ggﬁy%@%%#%£@¥.e$. The nmethod of Claiml1l wherein the online

vi brational spectr opaRétRo@sRtMEhS Wl&r@ﬁ&ﬁéﬁi?@nBNA@oB@mﬂnﬁ@ﬁﬂ mefRt er, a
md infrared spectroneter, or a near infrared spectroneter. 8. The nethod

of O ai mlinegherein the online vibrational spectroscopic analysis is a near
infrared anal ysi s ef or a si e transm ssion.cell ., single |ight
sour ce. mal ti 111 ¢ et TEHOROTRR s fa i shrES e At e d B | Puous! v
and alot erpwdamhytefpbrlgmez i$PblafcrratbidpRehdIN paysrbbdates@phemavel engt hs. 9.

The method of Claim 1 wherein the reference wavel ength range is 7633 to
7752 cm 1, the.di hykheirsethoeaioChire lwehestio tizgt polycankpmaiepoh90g hapa edrlam 1,

comonsatt B BTN By YEngee A g s baeetimy of Pomgo Bl kO IRG al or m 1

further GRAEPOLHhNGs.the step of maintaining the tenperature of the dihydric
phenol ate solution during the analysis within a tenperature range of about
55C to 65C. 7. The method of Claim 1 wherein the online vibrational spectroscopic analysis

15 is performed by a Raman spectrometer, a mid infrared spectrometer, or a near infrared
spectrometer.

8. The method of Claim 7 wherein the online vibrational spectroscopic analysis
is a near infrared analysis preformed by a single transmission cell, single light source, multi-
filter photometer capable of measuring absorbance continuously and alternatively from 2 up

20  to and including 8 different wavelengths.
9. The method of Claim 1 wherein the reference wavelength range is 7633 to
7752 cm™, the dihydric phenolate wavelength range is 5908 to 5997 cm™, the
hydroxide wavelength range is 5642 to 5723 cm™, and the temperature compensation
wavelength range 5457 to 5533 cm’.
25 10. The method of Claim 1 further comprising the step of maintaining the
temperature of the dihydric phenolate solution during the analysis within a temperature

range of about 55°C to 65°C.
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